
Project Introduction

Composites are widely used throughout aerospace engineering and in
numerous other applications where structures that possess high strength and
toughness properties with the minimum possible weight are required. Aligned
advanced fibers (such as glass or carbon fibers) embedded in a matrix (such
as epoxy or carbon) are laid or woven at specific angle sequences and bonded
together, enabling installation of non-isotropic bulk properties into the
resulting laminate while simultaneously taking advantage of the high in-plane
stiffness characteristic of advanced fibers. By replacing metal components in
aircraft, composites can reduce the structural weight of the aircraft and
therefore reduce fuel consumption and increase payload capacity. The
interlaminar region perpendicular to the planar direction of the fibers,
however, is relatively weak, leading to undesirable performance with regard to
both strength and toughness. While z-pinning and other micron-scale
reinforcement methods can introduce fiber damage, resin pockets, and loss of
in-plane properties, carbon nanotubes (CNTs) can provide nano-scale
reinforcement of the interlaminar region without disrupting alignment and
volume fraction of fibers in the laminate, thereby preserving in-plane
properties while simultaneously addressing through-thickness shortcomings.
In my work, I grow aligned carbon nanotubes (CNTs) on advanced fibers to
make 'fuzzy fibers', where the extremely stiff and strong CNTs extend between
plies and fibers to provide mechanical reinforcement. Preliminary tests of my
samples show significant increases in static interlaminar strength and
toughness. In this project, I will study whether the demonstrated
improvements in interlaminar properties translate into improved impact
toughness. Ballistic impact toughness is critical on components such as aircraft
engine fan cases for blade containment and the outer surface of air and
spacecraft for protection against bird strike, foreign object, and
micrometeorite damage. NASA Glenn has been at the forefront of developing
composite fan cases to trap loose fan blades while maintaining mechanical
integrity. The use of 'fuzzy fibers' will be studied for impact reinforcement of
fan cases as well as other dynamic load applications like vibration damping. In
collaboration with NASA colleagues, appropriate impact specimens will be
designed and manufactured to isolate impact energy ranges and failure modes
that represent expected events such as jet engine blade containment or
ballistic meteorite damage, and will be tested at NASA Glenn's Ballistic Impact
Laboratory. By improving the impact toughness and damage tolerance of the
current state of the art composite fan case, the engine weight can be further
reduced and the technology can be used to toughen other composite aircraft
components such as engine blades and possibly provide vibration damping. As
CNTs have been previously shown to add multifunctionality to composites
through enhanced electrical and thermal conductivity, recommendations for
addressing thermal load management and structural health monitoring in
spacecraft applications will be made. Demonstrated improvements in this
advanced fiber-thermoset system will invite extension to thermoplastic
matrices, which can be melted and reformed, thereby enabling alternative
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repair methods such as local heating to heal damage.

Anticipated Benefits

By improving the impact toughness and damage tolerance of the current state
of the art composite fan case, the engine weight can be further reduced and
the technology can be used to toughen other composite aircraft components
such as engine blades and possibly provide vibration damping.
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